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Description
TECHNICAL FIELD

[0001] The present invention relates to Fourier spec-
trometers for performing the Fourier transform spectrum
analysis.

BACKGROUND ART

[0002] There is a known analyzing method called a
Fourier transform spectrum analysis (see Patent Docu-
ment 1, for example). The Michelson interferometer is
known as an optical system related to the Fourier trans-
form spectrum analysis.

[0003] In an interferometer for a Fourier transform
spectrum analyzer, light from a light source is separated
into two optical paths by a beam splitter, and the sepa-
rated two light beams are then reflected by mirrors dis-
posed in the optical paths and are combined by a beam
splitter.

[0004] In such interferometer, a light source having a
wide emission spectrum including infrared light is used;
one separated light beam in the interferometer is reflect-
ed by a traveling mirror (moving mirror); the other sepa-
rated light beam is reflected by a static mirror (fixed mir-
ror); whereby an optical path difference is given between
the separated two optical paths; and a frequency spec-
trum included is obtained by Fourier transforming an in-
tensity profile (interferogram) from the light source ob-
tained by receiving the combined light (interfering light).
[0005] By spectrum analyzing a transmitted light hav-
ing passed through an analysis sample by using a Fourier
transform spectrum analyzer, the spectrum absorbed in
the analysis sample is obtained.

[0006] In recent years, there have been developed
small sized MEMS mirrors that move while keeping par-
allelism, and by using such mirror as a moving mirror, a
Fourier spectrometer has been made smaller.

[0007] In order to realize high wavelength resolution,
a Fourier spectrometer is configured to have a long op-
tical path difference between the two optical paths. In
addition, in order to obtained high accuracy, the optical
path difference is measured by laser light In particular, a
helium-neon laser having a long coherence length is
used, and an interferometer having an optical path of the
laser light is installed on an optical path different from an
infrared light interferometer having an optical path of the
infrared light (measurement light beam), and thus the
optical path difference is measured from the intervals be-
tween the interference Binges observed in association
with the movement of the moving mirrors (see Patent
Document 2, for example).
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RELATED ART DOCUMENT
PATENT DOCUMENT
[0008]

Patent Document 1: Japanese Laid-Open Patent
Application Publication No. H 9-26358

Patent Document 2: Japanese Laid-Open Patent
Application Publication No. H 7-243943

SUMMARY OF THE INVENTION
OBJECT OF THE INVENTION

[0009] However, since in the above-described optical
system for measuring the optical path difference of the
interferometer, the optical path of the laser light and the
optical path of the infrared light are located in different
positions, the two optical paths do not have exactly the
same length, whereby the optical path difference con-
tains measurement error.

[0010] In addition, since a helium-neon laser is a gas
laser, it cannot be easily made smaller. A helium-neon
laser may be substituted by a semiconductor laser for
downsizing, but the semiconductor laser has a large var-
iation of wavelength with temperature, and the wave-
length discontinuously changes like mode hopping,
whereby it is difficult to highly precisely measure the op-
tical path difference.

[0011] The present invention provides a small sized
highly precise interferometer in which the difference be-
tween the optical path of the laser light and the optical
path for the infrared light can be eliminated, whereby the
optical path difference can be highly precisely measured,
and also provides a Fourier transform spectrum analyzer
using such interferometer.

MEANS FOR SOLVING THE OBJECT

[0012] The above-mentioned objects are achieved by
the invention described below.
[0013] Item 1. An interferometer, comprising:

a first light source;

a second light source which is a laser light source;

a separation section to which light from the first light
source and light from the second light source are
incident and which is configured to separate the light
from the first light source into a first transmitted light
beam and afirstreflected light beam, and configured
to separates the light from the second light source
into a second transmitted light beam and a second
reflected light beam;

a first reflection section configured to reflect the first
reflected light beam and the second reflected light
beam;

a second reflection section configured to reflect the
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first transmitted light beam and the second transmit-
ted light beam;

an actuator configured to move at least one of the
first reflection section and the second reflection sec-
tion;

a combining section configured to combine the first
reflected light beam reflected by the first reflection
section and the first transmitted light beam reflected
by the second reflection section, and configured to
combine the second reflected light beam reflected
by the first reflection section and the second trans-
mitted light beam reflected by the second reflection
section;

a first light receiving section configured to receive
interfering light including the first transmitted light
beam and the first reflected light beam which are
combined by the combining section; and

asecond lightreceiving section configured to receive
interfering light including the second transmitted light
beam and the second reflected light beam which are
combined by the combining section.

[0014] Item 2. The interferometer of item 1, wherein
the second light source is a semiconductor laser, and the
interferometer comprises a band narrowing element con-
figured to allow a part of coherent light from the second
light source to pass therethraugh, configured to narrow
a spectral line width, and configured to reflect and lead
a part of the coherent light to the second light source.
[0015] Item 3. The interferometer of item 2, wherein
the light from the first light source is a light having a wave-
length equal to or longer than a wavelength of a visible
range, and the coherent light from the second light source
is alight which is in a visible range and has a wavelength
shorter than the wavelength of the light from the first light
source.

[0016] Item 4. The interferometer of item 1, wherein
the reflection section which is either of the first reflection
section or the second reflection section and is not moved
by the actuator and the separation section are integrated
one body in a form of prism.

[0017] Item 5. The interferometer of item 1, wherein an
optical axis of the light from the first light source and an
optical axis of the coherent light are matched along an
optical path from the separation section to either of the
first reflection section of the second reflection section
which is not moved by the actuator, and along an optical
path from the separation section to either of the first re-
flection section or the second reflection section which is
moved by the actuator.

[0018] Item 6. The interferometer of item 1, comprising
on an upstream of at least one of the first light source
and the second light source:

an optical fiber having a joint; and
a collimating section configured to collimate light
emitted from the optical fiber.
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[0019] Item 7. A Fourier spectrometer, comprising:
an interferometer of item 1; and further

a control section,

wherein the control section is configured to measure
movement of a reflection mirror based on an output
of the second light receiving section, and configured
to perform a Fourier analysis based onthe measured
resultand an output of the firstlight receiving section.

[0020]
prising:

Item 8. The Fourier spectrometer ofitem 7, com-

amonitor section which is provided on a downstream
of the separation section, and is configured to mon-
itor coherent light from the second light source by
photoelectric converting the coherent light, assum-
ing that the second light source is on an upstream;
and

a control section configured to control a power for
driving the second light source,

wherein the control section controls the power for driving
the second light source so as to make an output value
af the monitor section constant.

ADVANTAGE OF THE INVENTION

[0021] Provided is a small sized highly precise inter-
ferometer in which the optical path difference can be high-
ly precisely measured to eliminate measurement error,
and also provided is a Fourier transform spectrum ana-
lyzer using such interferometer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a schematic diagram showing a Fourier
spectrometer A according to the embodiment;

Fig. 2 is a general graph of a spectrum of incident
light entering a photo sensor 14;

Fig. 3 is a general graph of an output of a photo
sensor with the horizontal axis representing a meas-
urement time and the vertical axis representing a
light intensity;

Fig. 4 is a layout diagram showing a layout of a photo
sensor m for monitoring and photoelectric converting
the light intensity of coherent light of a second light
source 4;

Fig. 5 is a schematic diagram showing the Fourier
spectrometer A using a beam splitter 7 and a fixed
mirror 9, which are integrated in one body in a form
of prism; and

Fig. 6 is a schematic diagram showing an optical
fiber light source.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0023] An embodiment of the present invention is de-
scribed with reference to the drawings without the
present invention being limited to the embodiment to be
described below. The elements assigned the same ref-
erence numerals are the same elements and descrip-
tions thereof are omitted.

[0024] Fig. 1is aschematic diagram showing a Fourier
spectrometer A of the embodiment.

[0025] The Fourier spectrometer includes an interfer-
ometer L, a control section 21, and a display 22. The
interferometer L is configured with a first light source 1,
a collimator lens 2, a beam splitter 3, a second light
source 4, a band narrowing element 5, a collimator lens
6, a beam splitter 7, a moving mirror 8, a fixed mirror 9,
a beam splitter 10, a lens 11, a photo sensor 12, a lens
13, and a photo sensor 14.

[0026] In the interferometer L, the first light source 1 is
a light source for emitting light having wavelengths of
visible light and infrared light, and a common light source
such as an incandescent lamp, a fluorescent lamp, or a
white LED can be used. However, a light emitting surface
is preferably small, and the light emitting surface may be
limited by an opening or the like.

[0027] The collimator lens 2 is a lens for collimating
the light from the first light source 1.

[0028] The second light source 4 is a light source for
emitting coherent light, and in this embodiment a semi-
conductor laser is employed for miniaturization. The sem-
iconductor laser preferably has a single vertical mode. If
it is not a single mode, it is preferable to provide after an
light emitting end of the second light source 4 with a wave-
length filter that eliminates the modes other than the re-
quired vertical mode having the highest light intensity.
[0029] The band narrowing element 5 has functions to
transmit a part af the coherent light emitted from the sec-
ond light source 4, to narrow the spectral line width, and
to reflect a part of the light. In particular, a diffraction
grating is preferable such as VHG (volume holography)
of a fiber grating. A part of the wavelength of the emitted
coherentlightbecomes a reflected diffraction light in such
diffraction grating, and it is led to an active layer of the
semiconductor laser, and thus stimulated emission is
caused, thereby locking the wavelength of the emitted
light in the wavelength of the reflected diffraction light.
Since the wavelength of the reflected diffraction light is
made to have a width depending on the diffraction grat-
ing, the spectrum line of the wavelength of the emitted
light of the semiconductor laser is fixed to a specific mode
and the bandwidth can be narrowed.

[0030] The collimator lens 6 has a function to collimate
the coherent light emitted from the band narrowing ele-
ment 5.

[0031] The beam splitter 3 has a function to transmit
the collimated light from the first light source 1, and to
reflect the coherent light from the second light source 4,
thereby matching the optical paths. The positions of the
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first light source 1 and the second light source 4 can be
changed to each other with respect to the beam splitter 3.
[0032] The beam splitter 7 function s as a separation
section which splits the light beam from the first light
source 1 and through the beam splitter 3 into a first trans-
mitted light beam T1 and a first reflected light beam R1,
and splits the coherent light from the second light source
4 into a second transmitted light beam T2 and a second
reflected light beam R2.

[0033] The moving mirror 8 (first reflection section) is
disposed perpendicularly to the optical axes of the first
reflected light beam R1 and the second reflected light
beam R2 to reflect the light beams perpendicularly. The
moving mirror 8 is configured to be moved in the optical
axes of the first reflected light beam R1 and the second
reflected light beam R2 by an actuator 20 and the control
section 21 for controlling the actuator 20.

[0034] The fixed mirror 9(second reflection section) is
disposed perpendicularly to the optical axes of the first
transmitted light beam T1 and the second transmitted
light beam T2 to reflect the light beams.

[0035] The beam splitter 7 matches the optical paths
of the light beams each reflected by each of the moving
mirror 8 and the fixed mirror 9. In particular, the optical
paths are matched so that the first transmitted light beam
T1 and the first reflected light beam R1 interfere with
each other, and the second transmitted light beam T2
and the second reflected light beam R2 interfere with
each other.

[0036] In addition, since the optical paths of the first
transmitted light beam T1 and the second transmitted
light beam T2 are matched and the optical paths of the
first reflected light beam R1 and the second reflected
light beam R2 are matched, the affection to the interfer-
ence property is reduced even if the position or the angle
of the moving mirror 8 or the fixed mirror 9 varies.
[0037] The beam splitter 10 has wavelength selective
properties to distinguish between the wavelengths of the
light from the first light source and the wavelength of the
coherent light from the second light source 4. In particu-
lar, it reflects one of the light from the first light source
and the coherent light from the second light source 4,
and transmits the other.

[0038] The beam splitter 10 functions as a combining
section which combines the first transmitted light beam
T1 reflected by the moving mirror 8 and the first reflected
light beam R1 reflected by the fixed mirror 9, and com-
bines the second reflected light beam R2 reflected by the
moving mirror 8 and the second transmitted light beam
T2 reflected by the fixed mirror 9. The beam splitter 10
is a dielectric multilayer mirror, for example. In Fig. 1, it
reflects the light from the first light source and transmits
the coherent light from the second light source 4, but the
situation of reflection and transmission may be reversed.
[0039] Since the second transmitted lightbeam T2 and
the second reflected light beam R2 are combined by the
beam splitter 7 so as to have the same wave front, the
second transmitted light beam T2 and the second reflect-
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ed light beam R2 both reflected by the beam splitter 10
are combined, having the same wave front.

[0040] The lens 11 has a function to condensing on
the photo sensor 12 the second transmitted light beam
T2 and the second reflected light beam R2 both reflected
by the beam splitter 10.

[0041] The photo sensor 12 is a photo diode, for ex-
ample, and has a function to convert the received light
in to an electric signal.

[0042] The lens 13 has a function to condense, on the
photo sensor 14, the first transmitted light beam T1 and
the first reflected light beam R1 that are combined by the
beam splitter 7 to have the same wave front.

[0043] The photo sensor 14 is a photo diode, for ex-
ample, and has a function to convert the received light
into an electric signal.

[0044] The beam splitter 7 preferably is a half mirror in
which each of the transmittance and the reflectance are
the same for both the light from the first light source 1
and the coherent light. The beam splitter 10 preferably
transmits almost all the light from the first light source 1
and reflects almost all the coherent light.

[0045] Differentiating the wavelength of a light source
makes it possible to differentiate the reflectance depend-
ing on a light source as described above. In this embod-
iment, since the wavelengths of the light from the first
light source range from the white region to the infrared
region, the wavelength of the coherent light of the second
light source 4 is set shorter than the wavelength of the
light from the first light source 1.

[0046] When alaserlight source is used as the second
light source 4, possible returning light may enter the res-
onator of the laser to cause induced emission, thereby
making the oscillation unstable; therefore, itis preferable
that the returning light is weak. In particular, a polarizing
plate and a 1/4 wavelength plate may be provided behind
the collimator lens 6, with the axis of the 1/4 wavelength
plate inclined at 45 degrees with respect to the axis of
the polarizing plate. The laser light emitted from the po-
larizing plate is linearly polarized and it is converted into
a circularly polarized light by the 1/4 wavelength plate;
the returning light is converted by the 1/4 wavelength
plate into a linearly polarized light having a palarization
direction perpendicular to the axis of the polarizing plate
and is cut off by the polarizing plate; whereby the return-
ing light does not return to the second light source 4.
Instead of this manner, the moving mirror 8 and the fixed
mirror 9 may be disposed with their normal lines inclined
from the direction of the incoming coherentlight to reduce
the returning light.

[0047] In addition, it is preferable that the reflectance
of the moving mirror 8 with respect to the first reflected
light beam R1 and the reflectance of the fixed mirror 9
with respect to the first transmitted light beam T1 are
substantially the same.

[0048] It is also preferable that the reflectance of the
moving mirror 8 with respect to the second reflected light
beam R2 and the reflectance of the fixed mirror 9 with
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respect to the second transmitted light beam T2 are sub-
stantially the same.

[0049] The actuator 20 moves the moving mirror 8
along the incident direction of light. The control section
21 obtains outputs of the photo sensors 12 and 13, con-
trols the actuator 20, performs calculations for Fourier
spectroscopy, and displays the results of the calculations
on the display 22.

[0050] An operation of the Fourier spectrometer A ac-
cording to this embodiment is described. The Fourier
spectrometer A measures the spectrum of the light en-
tering the photo sensor 14. As shown in the layout dia-
gram of Fig. 1, the light from the first light source 1 is
received by the photo sensor 14, and the spectrum of
the light from the first light source 1 is thus measured. If
an analysis sample is located at the position indicated
by the character S in Fig. 1, the spectrum of the light
passing through the analysis sample can be measured.
[0051] The light from the first light source 1 is split by
the beam splitter 7 into the first transmitted light beam
T1 and the first reflected light beam R1, and the light
beams are combined so as to have the same wave front
to become an interfering light entering the photo sensor
14.

[0052] In association with the movement of the moving
mirror 8, the phase difference between the first transmit-
ted light beam T1 and the first reflected light beam R1
varies. Thus, it is controlled which direction the first re-
flected light beam R1 reflected by the moving mirror 8
and the first transmitted light beam T1 reflected by the
fixed mirror are directed to the beam splitter 10 or the
first light source 1 after they are combined by the beam
splitter 7. For example, by moving the moving mirror 8
at a predetermined speed and by performing a Fourier
transform, in a calculation section such as a CPU
equipped in the control section 21, on the light intensity
of the interfering light coming from the first light source
1 and entering the photo sensor 14, the spectrum of the
light entering the photo sensor 14 can be calculated.
[0053] Fig. 2is a general graph of the spectrum of the
light entering the photo sensor 14. The calculation result
of the intensity with respect to frequency is displayed on
the display 22. The frequency of the light absorbed in the
analysis sample is observed.

[0054] In the Fourier spectroscopy analysis, it is im-
portant to calculate the optical path difference by meas-
uring the length of an optical path (also referred to as
"optical path length") along which the first transmitted
light beam T1 passes through the beam splitter 7, is re-
flected by the fixed mirror 9, and returns to the beam
splitter 7, and by measuring the length of an optical path
(also referred to as "optical path length 2") along which
the first reflected light beam R1 is reflected by the beam
splitter 7, is reflected by the moving mirror 8, and returns
to the beam splitter 7. In this embodiment, the measure-
ment of the optical path difference between the optical
path length 1 and the optical path length 2 for the light
from the first light source 1 is substituted by the meas-
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urement of the optical path difference between the optical
path length 1 and the optical path length 2 for the coherent
light.

[0055] Fig. 3 is a general graph of the output value of
the photo sensor 12, where the horizontal axis represents
measurement time and the vertical axis represents the
light intensity. It is assumed that the moving mirror 8 is
moved at a constant velocity.

[0056] In the case that the moving mirror 8 is moved
at a constant velocity, the intensity of the output of the
photo sensor 12 has a sinusoidal waveform, and the ratio
(visibility) between the top and the bottom of the sine
wave is at its maximum when the optical path length 1
and the optical path length 2 is the same. The position
of the moving mirror 8 corresponding to time t1 of the
graph represents the position at which the optical path
length 1 and the optical path length 2 are the same. Time
t1 is the time when the difference between the envelope
31 of the peaks and the envelop 32 of the valleys is at
its maximum.

[0057] In more particular, the control section 21 moves
the moving mirror 8 in a predetermined range, and in the
mean time the control section 21 receives the intensity
of the light received by the photo sensor, in other words,
the signal strength of the output of the photo sensor, and
stores the signal strength in a not shown memory such
as RAMin relation to the time for which the moving mirror
8 has been moved.

[0058] Then, the control section 21 calculates the op-
tical path difference from the obtained data of time and
signal strength, by a known method. Since a Fouler spec-
troscopy analysis is performed after that, it is accurately
performed.

[0059] In addition, when the coherence length of the
coherent light is long, the interference property is easily
obtained even if the optical path difference between the
optical path length 1 and the optical path length 2 is large;
therefore a long coherence length is preferable. The co-
herence length is generally expressed by A2/A), assum-
ing the wavelength to be A and the width of the wave-
length to be AL. Therefore, a light source having small
AM is preferable. In particular, in the case of a red semi-
conductor laser being used, the coherence length is
some hundred microns; in the case of a so-called stabi-
lized semiconductor laser or a He-Ne laser being used,
the coherence length is some hundred millimeters; and
in the case of a so-called stabilized He-Ne laser being
used, the coherence length is some ten meters.

[0060] In addition,itis preferable that the light intensity
of the coherent light from the second light source 4 is
monitored and fed back to the second light source 4 so
that the light intensity is kept constant. The photo sensor
m is preferably positioned upstream of the berlin splitter
3 which is a separation section for separating the coher-
ent light. The output of the photo sensor m is sent to the
control section 21, and the control section 21 feeds it
back to the power for driving the second light source 4
so as to make the output of the photo sensor m constant.
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Fig. 4 is a layout diagram for showing the arrangement
of the photo sensor m for monitoring and photoelectric
converting the light intensity of the coherent light of the
second light source 4 as well. In this arrangement, the
beam splitter 3 is configured such that the beam splitter
3 reflects a part of the coherent light from the second
light source 4. For example, in the case that the beam
splitter 3 has a dielectric multilayer structure, the film con-
figuration of the dielectric multilayer is designed and
formed so as to reflect a part of the coherent light from
the second light source 4. The above-mentioned meas-
ure is not taken if the wavelength largely varies depend-
ing on the drive current.

[0061] Inaddition, itis preferable that the beam splitter
7 and the fixed mirror 9 are collectively integrated in one
body in a form of prism shape as shown in Fig. 5. Fig. 5
is a schematic diagram of the Fourier spectrometer A
employing the beam splitter 7 and the fixed mirror 9 that
are in one body in a form of prism.

[0062] By forming them in one body in a form of prism,
the air layer between the beam splitter 7 and the fixed
mirror 9 is eliminated; thus the possible effect to the prop-
erties of an interferometer due to the air current can be
eliminated, and the change in the optical path length
caused by the variation in position of the fixed mirror 9
caused by external vibration. Thus, the properties of an
interferometer can be stabilized, and stable Fourier trans-
form spectrum analyzers can be provided.

[0063] As the first light source 1 or the second light
source 4, an optical fiber light source may be used. Fig.
6 shows an embodiment using an opticalfiberlight source
as the first light source 1. Fig. 6 is a schematic diagram
of an optical fiber light source. The optical fiber light
source is made up of a first light source 1 and a lens L2
in addition to an optical fiber F and a joint J that are ar-
ranged upstream of the first light source and the lens L2.
The optical fiber F is configured with an optical fiber F1
having a connector C1 and an optical fiber F2 having a
connector C2. The connectors C1 and C2 are connected
to be a joint J.

[0064] As in the above arrangement, since regarding
the first light source 1 and the second light source 4, the
components on the light source side of the joint J can be
replaced; an arbitrary light source can be employed. If
an arbitrary light source is employed as the light source
1, a Fourier transform spectrum analyzer for the light
source having an arbitrarily spectrum needed can be pro-
vided.

[0065] As described above, according to the present
invention, provided is an interferometer, comprising: a
first light source; a second light source which is a laser
light source; a separation section to which light from the
first light source and light from the second light source
are incident and which is configured to separate the light
from the firstlight source into a first transmitted light beam
and a first reflected light beam, and configured to sepa-
rates the light from the second light source into a second
transmitted light beam and a second reflected lightbeam;
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a first reflection section configured to reflect the first re-
flected light beam and the second reflected light beam;
a second reflection section configured to reflect the first
transmitted light beam and the second transmitted light
beam; an actuator configured to move at least one of the
first reflection section and the second reflection section;
a combining section configured to combine the first re-
flected light beam reflected by the first reflection section
and the first transmitted light beam reflected by the sec-
ond reflection section, and configured to combine the
second reflected light beam reflected by the first reflec-
tion section and the second transmitted light beam re-
flected by the second reflection section; a first light re-
ceiving section configured to receive interfering light in-
cluding the first transmitted light beam and the first re-
flected light beam which are combined by the combining
section; and a second light receiving section configured
to receive interfering light including the second transmit-
ted light beam and the second reflected light beam which
are combined by the combining section, wherein the
interferometer can eliminate direction error by highly pre-
cisely determining an optical path difference.

[0066] In addition, according to the present invention,
the position of the moving mirror 8 is highly precisely
measured in an arrangement in which the coherent light
fromthe second light source 4 which is alaser light source
is led into a band narrowing element, and reflected light
from the band narrowing element is made to return to the
second light source 4 to lock the oscillation wavelength
of the second light source. Thus, the optical path length
1 and the optical path length 2 are highly precisely
matched to eliminate the optical path difference between
the two optical paths, and a small and highly precise inter-
ferometer can thus be provided.

[0067] In addition, according to the present invention,
since the light from the first light source 1 has wave-
lengths equal to or longer than the wavelength of a visible
range, and the coherent light from the second light source
is in a visible range and has a wavelength shorter than
the wavelengths of the light from the first light source,
there can be provided an interferometer which uses light
in a wide wavelength range including white light and in-
frared light and in which the coherent light from the sec-
ond light source 4 and the light from the first light source
1 are almost perfectly separated by using the beam split-
ter 10 having a wavelength selectivity property.

[0068] In addition, according to the present invention,
since the separation section and the fixed mirror are con-
figured in one body in a form of prism, there can be pro-
vided an interferometer in which the optical path length
1 and the optical path length 2 are highly precisely
matched.

[0069] In addition, according to the present invention,
the optical axis of the light from the first light source 1
and the optical axis of the coherent light are matched to
each other on the optical path from the separation section
to the fixed mirror and on the optical path from the sep-
aration section to the moving mirror. Therefore, even if
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there is change in position or angle with respect to the
moving mirror 8 or the fixed mirror 9, there can be pro-
vided an interferometer in which the effect to an interfer-
ence property is reduced and the optical path length 1
and the optical path length 2 are highly precisely
matched.

[0070] In addition, according to the present invention,
since an optical fiber having a joint and a collimating sec-
tion for collimating the emitted light from the optical fiber
are provided upstream area in at least one of the first
light source 1 and the second light source; when the first
light source, for example, is replaced with a light source
having an arbitrary spectrum, there can be provided an
interferometer having the arbitrarily spectrum needed,
[0071] In addition, according to the present invention,
since the interferometer includes the above-described
interferometer and further a control section, which meas-
ures the movement of the reflection mirror on the basis
of the output of the second light receiving section and
performs a Fourier analysis on the basis of the output of
the first light receiving section; there can be provided a
small and highly precise Fourier spectrometer.

[0072] In addition, according to the present invention,
assuming the second light source side to be an upstream
side, the interferometer includes: a monitor section for
monitoring by photoelectric converting the coherent light
from the second light source 4 in the downstream of the
separation section; and a control section for controlling
the power for driving the second light source 4, wherein
since the control section controls the power for driving
the second light source 4 so as to make the output of the
monitor section constant. Thus, even the waveform of
the interference fringe can be measured with high preci-
sion, and the optical path difference can be precisely
measured in higher resolution by interpolating the inside
of the contrast, whereby a more highly precise Fourier
spectrometer can be provided.

DESCRIPTION OF THE NUMERALS

[0073]

2, 6: Collimator lens

3,7,10: Beam splitter

4: Second light source

5: Band narrowing element
8: Moving mirror

9: Fixed mirror

11, 13: Lens

12, 14: Photo sensor
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Control section

Claims

1.

An interferometer, comprising:

a first light source;

a second light source which is a laser light
source;

a separation section to which light from the first
light source and light from the second light
source are incident and which is configured to
separate the light from the first light source into
afirst transmitted light beam and a first reflected
light beam, and configured to separate the light
from the second light source into a second trans-
mitted light beam and a second reflected light
beam;

a first reflection section configured to reflect the
first reflected light beam and the second reflect-
ed light beam;

a second reflection section configured to reflect
the first transmitted light beam and the second
transmitted light beam;

an actuator configured to move at least one of
the first reflection section and the second reflec-
tion section;

a combining section configured to combine the
first reflected light beam reflected by the first re-
flection section and the first transmitted light
beam reflected by the second reflection section,
and configured to combine the second reflected
light beam reflected by the firstreflection section
and the second transmitted light beam reflected
by the second reflection section;

a first light receiving section configured to re-
ceive interfering light including the first transmit-
ted light beam and the first reflected light beam
which are combined by the combining section;
and

a second light receiving section configured to
receive interfering light including the second
transmitted light beam and the second reflected
lightbeam which are combined by the combining
section.

The interferometer of claim 1, wherein the second
light source is a semiconductor laser, and the inter-
ferometer comprises a band narrowing element con-
figured to allow a part of coherent light from the sec-
ond light source to pass therethrough, configured to
narrow a spectral line width, and configured to reflect
and lead a part of the coherent light to the second
light source.

The interferometer of claim 2, wherein the light from
the first light source is a light having a wavelength
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equal to or longer than a wavelength of a visible
range, and the coherent light from the second light
source is a light which is in a visible range and has
awavelength shorter than the wavelength of the light
from the first light source.

The interferometer of claim 1, wherein the reflection
section which is either of the first reflection section
or the second reflection section and is not moved by
the actuator and the separation section are integrat-
ed one body in a form of prism.

The interferometer of claim 1, wherein an optical axis
of the light from the first light source and an optical
axis of the coherent light are matched along an op-
tical path from the separation section to either of the
firstreflection section of the second reflection section
which is not moved by the actuator, and along an
optical path from the separation section to either of
the first reflection section or the second reflection
section which is moved by the actuator.

The interferometer of claim 1, comprising on an up-
stream of at least one of the first light source and the
second light source:

an optical fiber having a joint; and
a collimating section configured to collimate light
emitted from the optical fiber.

A Fourier spectrometer, comprising:

an interferometer of claim 1; and further

a control section,

wherein the control section is configured to
measure movement of a reflection mirror based
on an output of the second light receiving sec-
tion, and configured to perform a Fourier analy-
sis based on the measured result and an output
of the first light receiving section.

8. The Fourier spectrometer of claim 7, comprising:

a monitor section which is provided on a down-
stream of the separation section, and is config-
ured to monitor coherent light from the second
light source by photoelectric converting the co-
herent light, assuming that the second light
source is on an upstream; and

a control section configured to control a power
for driving the second light source,

wherein the control section controls the power
for driving the second light source so as to make
an output value of the monitor section constant.
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(Invention 1) Invention of claims 1-3, 5 and 7

Aninterferometer (aswillbecalledan"interferometer 1") comprising:

a first light source;

a second light source or a laser light source;

a branching section, on which a light from said first light source
and a light from said second light source, for branching the light from
saidfirst light sourceintoa first transmittedlight anda firstreflected
light and for branching the light from said second light source into
a second transmitted light and a second reflected light;

a first reflecting section for reflecting said first reflected light
and said second reflected light;

a second reflecting section for reflecting said first transmitted
light and said second transmitted light;

an actuator for moving at least either said first reflecting section
or said second reflecting section;

a synthesizing section for synthesizing said first reflected light
reflected on said first reflecting section and said first transmitted
light reflected on said second reflecting section, and for synthesizing
said second reflected light reflected on said first reflecting section
and said second transmitted light reflected on said second reflecting
section;

a first light receiver for receiving the interference light which
is synthesized between said first transmitted light and said first
reflected light by said synthesizing section; and

a second light receiver for receiving the interference light which
is synthesized between said second transmitted light and said second
reflected light by said synthesizing section,

wherein said second light source is a semiconductor laser, further
comprising a band-narrowing element for narrowing a spectral line width
while partially passing a coherent light from said second light source,
thereby to guide said coherent light to said second light source while
reflecting the same partially.

(Invention 2) Invention of claim 4

An interferometer 1, wherein that one of said first reflecting section
and said second reflecting section, which is not moved by said actuator,
and said branching section are constituted into an integral prism state.
(Invention 3) Invention of claim 6

An interferometer 1, further comprising: an optical fiber having a
joint, and a collimating section for collimating the light emanating
from said optical fiber, said optical fiber and said collimating section
being upstream of at least one of said first light source and said second
light source.

(Invention 4) Invention of claim 8

An interferometer 1, further comprising: a monitor section for
photoelectrically converting the coherent light from said second light
source thereby to monitor the converted light, and a control section
for controlling an electric power to drive said second light source,
said monitor section and said control section being downstream of said
branching section, wherein said control section controls the electric
power to drive said second light source so that the output value of said
monitor section may be constant.
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